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Overall Roadmap Organization

Generation IV International
Forum (GIF)
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Generation IV Systems: Request for Information
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What Systems are Needed?

Hydrogen

Electricity Generation

Near-Term
Systems

Waste Burndown

\ \ Fissile Creation
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Water-cooled systems Liquid-metal cooled systems
L1 - Na cooled, oxide fuel
L2 - Na cooled, metal fuel

L3 - Na cooled, metal fuel,
Japan

L4 - Medium Pb/Pb-Bi
cooled, UsS

L5 - Medium Pb/Pb-Bi
cooled, Russia

L6 - Small Pb/Pb-Bi cooled

Non-classical systems
N1 - Molten salt core
N2 - Gas core
N3 - Molten salt cooled
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Near-Term Mid-Term Long-Term Very Long
(~2015) (2015-2020) (2020-2030) (>2030)

« CANDU NG
» Simplified BWR _
* Integral Primary System Reactors

* High Conversion BWR

e SCWR-Thermal
e SCWR-Fast

* PBR - Open cycle
* PMR - Open cycle * Generic Gas - Closed cycle
» Very High Temperature Reactor
» Gas Fast Reactor

* Na-cooled with oxide or metal fuel (3)

* Pb/Bl-cooled (3)

Metal

*Advanced High Temperature Reactor

» Molten Salt Reactor
* Vapor Core

Nonclassical
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CANDU NG PBR/PMR

SCWR Fast
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Generation 1V Systems

Acronym| Coolant | Neutron
Gas-Cooled Fast Reactor GFR Gas Fast
Lead-Cooled Fast Liquid
Reactor LB, Metal Fast
Molten Salt Reactor MSR Mg;z;in Thermal
Sodium-Cooled Fast Liquid
Reactor P Metal T
Supercritical Water- Thermal
Cooled Reactor A ki (Fast)
Very High Temperature VTR Gas e

Reactor
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VHTR = —
Very High Temperature Reactor Objectives~

- Thermal neutron spectrum and a once-through uranium
cycle

- Primarily envisioned for missions in hydrogen production
and other process-heat applications (outlet temperatures
above 1000<=C), it could produce electricity as well

~ Operating at an efficiency of over 50%, such a plant
would produce over 200 metric tonnes of hydrogen per
day (equivalent to 300,000 gallons of gasoline per day)

- The reference reactor
concept has a 600-MWth "*“ Vors Wigh Temporatur Reacto
helium-cooled core based on = S
either the block-type core or
a pebble type core

- Estimated by the Roadmap to
be deployed in 2020; based ™ B
on interest this may be = J [ i
accelerated to 2015 - 2017 . == A

The Institute of Applied Energy




R VHTR Obijectives (2/2)

" Bridge to the hydrogen

- Water is the preferred

economy
# Hydrogen fuel cells

» Zero-emissions transportation
fuel

s Distributed energy opportunity

* Large-scale, zero emissions
hydrogen production is an
enabling technology

hydrogen “fuel”

s Electrolysis using off-peak
power

» High-temperature electrolysis

s High-temperature thermo-
chemical water splitting

—

The Institute of Applied Energy
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The most pressing R&D issues ass6ciated with the VHTR are:

Design and Safety

Pre-conceptual design, safety studies, product contamination transfer,
integration and economics

Fuel and fuel cycle
- SIC & ZrC coated particles, fuel behavior modeling, burn-up extension

Materials and components

- Materials and components development & characterization, corrosion and
irradiation tests

- Intermediate Heat Exchanger and Isolation valve etc
- Materials behavior modeling
Hydrogen Production
- Thermo-chemical properties database and rate constant measurements
Laboratory-scale integral test, pilot-scale experiments
- Materials (corrosion) and components development (isolation valve)
- Connection technology: demonstration phase
High performance helium turbine
Development of very high temperature turbo-compressor
- Development of other key components for HT Brayton conversion system

The Institute of Applied Energy
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Issues about-the-R&D Plan— ~~

Connections with current or planned reactor
projects
» NGNP (USDOE, Idaho)
s GT-HTR-300 (Jaeri, Japan)
*» PBMR (Eskom, South Africa)
-> Baseline for a reference VHTR system
HTR-PM (China Huaneng Group), 16-20 moadules by 2,020
“Common trajectory projects” with other
Generation 1V systems

» GFR: Materials & components, BOP & turbo-machinery,
Hydrogen production

# Fuel cycle crosscut R&D project
s Economics & prospective studies (Hydrogen...)

VHT

The Institute of Applied Energy



VHTR =

Global R&D plan

03 | 04 P18 19 [ 20 | 21
Gen [V VHTR Viability Performances Demonstration
N R&D R&D for NGNP T
Preconceptual design
([3 Design = derT:i’grlgliminarv design
P : I |Final design : :
Construction ‘ Construdtion Operation
1 - Design and Safety & Integration
1.1 Design and safety studies V Fr, Jp, USA + CH,|Kr, RSA, UK
1.2 Computational tools Fr, Jp, USA Kr | ] ‘
2 - Fuel and Fuel Cycle
2.1 TRISO Fuel Development Fr, Jp, USA, Kijj UK v----,v _!
2.2 Advanced Fuel for the VHTR Fr, Jp, USH, Kr, UK
2.3 Modeling of fuel performances Fr, Jp, U*li\, +TBD
24 Fuel Cycle Back End Fr, Jp,|f TBD ‘7
3 - Materials and components
3.1 Materials Fr, Jp, USA, Kr, CH | T A
3.2 Components Fr, Jp',‘USA T TTrT
3.3 Connecting technologies Fridp USA +TB
34 Hetechnology, test benches & Loops Fr, Jp, USA Operation
4 - Hydrogen Production \VJ
4.1 I/S Thermochemical cycle Fr, Jp, USA + K}, UK Test HTTR Test NGNP
4.2 High temperature electrolysis Fr, USA + TBD V __________ i
4.3 Connecting technologies Fr, Jp, USA |“:_
5 - Helium Turbine and BOP
5.1 Turbo compressor development Jp _____1'__5__\__5__1___
5.2 Large helium test Loop Fr, Jp, USA | __________________
The Institute of Applied Energy
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Gas Reactor Technology

GFR

Improved
sustainability

> 950°C for VHT

heat process
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GFR_ 2 e
7~ Gas cooled FastReactor Objectives—

“High level of safety

“High sustainability;
minimize or eliminate
“waste”, and efficient
use of resources

' Fast- spectrum core

High-efficiency energy
conversion

Production of H,

- Estimated deployment X —
time: 2025

The Institute of Applied Energy



L

GFR | ‘

The most pressing R&D Issues associated with the
GFR are:

Design and Safety

» Need to show excellent safety capability
* Decay heat removal during transients

« Ability to withstand other transient events (core melt exclusion
strategy)

Fuels, Materials, and Fuel Cycle

» Need to identify and test high temperature fuels and
materials (both in- and out-of-pile)

* Screening, testing, and fabrication of ceramic or ceramic/metallic
fuels for high temperature, high fluence use

» Need to identify and test fuel treatment and
refabrication processes

The Institute of Applied Energy



SQWR : —
Super Critical ‘Water Reactor Objectives™

- Major economic s

advantage —
- High level of safety , . SN

" Flexible fuel cycle
system(s) and
proliferation
resistant

- Direct SCW cycle,
very high-efficiency
energy conversion
( >44%)

- Direct and Indirect Production of H,
- Original estimated deployment time: 2025

The Institute of Applied Energy
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GIF SCWR R&D Plan

To establish viability and advance the concept to
technical maturity (i.e. to enable build project)

5 Key Technology Areas (w/lead authorship)
* Design and Integration (Japan)
» Materials and Chemistry (Canada)
» Safety (U.S.)
» Thermal hydraulics (Korea)
» Hydrogen (Canada) — a recent addition to the list

The Institute of Applied Energy
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SFR™ SER Priority R&D Project(l) — ——

System Integration =—g— Design Evaluation Study
& Safety — (1) Core Design and fuel options
LCore design for Partitioning and
Transmutation (UK, JP, KR, US, FR)
— (2) System Design options
— Identification and assessment of
system design features (JP, KR, US, FR)
- Assessment of Economic Performances (JP, )
- Decommissioning (FR, )
— Extrapolation from the Lead Reactor
System (FR, JP)
— (3) Demonstration Facility (JP, )
— Safety Evaluation Study
— (1) Passive Safety Test (US, KR, JP)
— (2) Severe Accident Test (US, KR, JP)
— (3) Safety Analysis Tools (US, KR, JP, FR)
— QOperational Tools
L Sodium School (FR)

The Institute of Applied Energy



SER™  Priority"R&D Praject(2) -

— Advanced Fuel Pin Transient Test (JP)
Advanced Fuel Fabrication

Advanced Fuel
Project

Reactor System

(USEKR=FR:2]P)
(2) Remote Fabrication Development (US, KR, FR, JP)
= Irradiation Behavior of Advanced Fuels (US, UK, KR, FR, JP)
—  Advanced Core Material
I'(1) ODS Advanced Cladding Irradiation and Qualification
(JP, FR, US)

I:(l) Advanced Fuel Fabrication for MA- bearing Fuels

= Tools -for Care Design (FR, JP, KR)
— [N-Service Inspection & Repair (KR, JP, FR)

&BOP Project

Front end & back

Highly Economical and Reliable Steam Generators (KR, JP, FR)
= Development of High Cr Ferrite Steels (JP)
— Advanced Energy Conversion System (US, KR, FR, JP, UK)

— Hydrogen Production System (JP, KR)

(Dismantling and Dissolution)

Fuel Cycle Project*—l: Advanced Aqueous Processing (JP, FR, )

end activities

Pyroprocessing (JP, FR, )

(Dismantling and Dissolution)

*Note: Strong Link with Fuel Cycle Crossegfe |nstitute of Applied Energy
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. | ead cooled Fast Reactor R&D ™~

Priority R&D*

Fuels and Materials

» Corrosion control in lead- « Nitride fuel recycle
base coolants technology

e Cladding and core materials

* Nitride and MA bearing metal

fuel o
» Supercritical CO, Brayton
Reactor Systems and BOP Cycle _
- Coolant monitoring & control | ¢ Ca-Br hydrogen production
including polonium * In-service inspection
o Thermal-hydraulics technology

Safety and Design Evaluation
o Core design

* US, JP, KR and CH representatives suggest a single project
The Institute of Applied Energy



Scorecard for System R&D Plans
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‘ Excellent, no improvement needed at this time

' ‘ Very Good, with few improvements needed

Fair, with some substantial improvements needed

VHTR

’ Weak, with considerable improvement needed
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“Generation 1V Nuclear Energy Systems:.
Next Steps/Prlor/ ties: USDOE

Gen IV “A” Requirements for A
Next-Generation Nuclear
» VHTR . NGNP Plant (NGNP) Project
» SCWR —
& >  Collaborative with

international community

¢ Gen |V “B” T « Collaborative with industry --

especially utilities

» GFR |
U.S. Fast Reactor ° Demonstrate H, production
|l 9 and advanced electricity
» SFR e Result in a commercially
viable plant design

AFCI will support Gen 1V by developing ;
fuels and fuel cycle technologies J =

['he Tnstitute of Applied Energy
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““ A Long-Term Strategy : USDOE

ol X
>c|® Generation IV
S Nuclear Deploy %
PR Power 2010 _
e o e Commercial ©
© & | QuNuclear Energy Deploy : Gen IV !
o = Plant Optimization First U.S. Generation IV Fast Reactors %

) — :
== Keep Existing ALWR Deploy First ™

LR Plants Operating Commercial
3 NGNP
for the Long Term

2005 2010 2020 2030 2040 2050

Fast Reactor

AFCI Series One
Fuel Cycle

AFCI Series Two
Fuel Cycle

Once-Through
Fuel Cycle
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